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Three experiments investigated the global eﬀect with foveal distractors displayed in the same hemiﬁeld as more eccentric saccade tar-
gets. Distractors were x-letter strings of variable length and targets corresponded to the central letter of letter strings (e.g., ‘xxxkxxx’).
Results showed that only foveal distractors longer than four letters (about 1) deviated the eyes in a center-of-gravity manner thus sug-
gesting a dead zone for the global eﬀect. Short distractors inﬂuenced the likelihood of small-amplitude saccades (less than about 1) and
the latency of longer saccades. The ﬁndings were interpreted based on the dissociation between ﬁxation and saccadic neurons. Implica-
tions for eye movements in reading were discussed.
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In natural perceptual tasks such as reading and scene
perception, saccadic eye movements are programmed while
information is available in both foveal and peripheral
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the disappearance of the ﬁxation stimulus before or simul-
taneously with the onset of peripheral stimuli (for reviews,
see Findlay & Gilchrist, 2003; Findlay & Walker, 1999).
The present paper investigated the role of foveal informa-
tion in the computation of saccade amplitude and its reper-
cussions on the global eﬀect.
The global or center-of-gravity eﬀect refers to the gen-
eral tendency for the eyes to move towards the center of
the peripheral visual array. It was initially shown in situ-
ations that involved the simultaneous presentation of two
stimuli in peripheral vision (Findlay, 1982; Ottes, Van
Gisbergen, & Eggermont, 1984; see also Coren & Hoe-
nig, 1972). Observers were explicitly instructed to move
their eyes to one of the two stimuli (the saccade target)
and to ignore the distractor, but their eyes frequently
moved to an intermediate location. The exact landing
position being a function of the relative size (Findlay,
1982) and intensity of the stimuli (Deubel, Wolf, &
Hauske, 1984), the assumption was proposed that the
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peripheral conﬁguration.
Since then, the phenomenon has been replicated in sev-
eral perceptual and oculomotor tasks and with a wide vari-
ety of stimuli, hence attesting for the robustness of the
eﬀect. A global eﬀect was found in visual search (Arai,
McPeek, & Keller, 2004; Findlay, 1997; Findlay & Gil-
christ, 1997; McSorley & Findlay, 2003; see also Godjin
& Theeuwes, 2002) and during the free scanning of visual
displays (Findlay, 2004; Findlay & Brown, 2006; Vishw-
anath & Kowler, 2003; see also McGowan, Kowler, Shar-
ma, & Chubb, 1998). It was also shown while participants
were asked to move their eyes to target letters embedded in
meaningless strings of letters (Coe¨ﬀe´ & O’Regan, 1987) and
during the reading of isolated words (Vitu, 1991a).
The global eﬀect seems to reﬂect fundamental properties
of the oculomotor system. First, it is weaker but still pres-
ent when participants are presented with visually distinct
saccade target items and the task is designed to require
the execution of accurate saccades (Findlay & Kapoula,
1992). Second, it is reduced, but not completely eliminated,
when the target stimulus appears at a predictable location
(Coe¨ﬀe´ & O’Regan, 1987; but see He & Kowler, 1989).
Third, the eﬀect decreases over time, but it is resolved only
after rather long saccade latencies: 260–300 ms when dis-
tractor and target are visually dissimilar and not in too
close proximity (McSorley & Findlay, 2003; Ottes, Van
Gisbergen, & Eggermont, 1985; see also Chou, Sommer,
& Schiller, 1999; Godjin & Theeuwes, 2002; but see Findlay
& Brown, 2006), and 400–500 ms when the saccade target
element (a letter) is embedded in a non-homogeneous letter
string (Coe¨ﬀe´ & O’Regan, 1987).
Interestingly, when the saccade target is presented
amongst multiple distractor stimuli (or when several tar-
gets are simultaneously displayed), a global eﬀect is more
likely with visually similar stimuli (Findlay, 1997). Further-
more, the eﬀect occurs only between elements that occupy
neighboring locations in the visual ﬁeld, hence suggesting
that the angular separation between visual elements is a
limiting factor (Findlay, 1997, 2004; Findlay & Brown,
2006; see also Godjin & Theeuwes, 2002). Walker, Deubel,
Schneider, and Findlay (1997) actually reported that the
amplitude of a saccade to a target item was modiﬁed by
the simultaneous presentation of a distractor stimulus only
if the distractor was presented along the ipsilateral target
axis or within 20 of the target axis (see also Ottes et al.,
1984). When the distractor appeared outside this region,
it did not aﬀect saccade amplitude, but prolonged saccade
latency. The eﬀect referred to as the ‘remote distractor
eﬀect’ was greater with foveal distractors and decreased
as distractors appeared more peripherally (but see Trap-
penberg, Dorris, Munoz, & Klein, 2001).
Stimulus eccentricity is another variable that contributes
to the global eﬀect, and in some instances it may also be a
limiting factor. In several studies, target and distractor
stimuli were presented in peripheral vision, but at diﬀerent
eccentricities from the ﬁxation point. In these conditions,the eyes systematically undershot the geometrical center
of gravity of the peripheral conﬁguration as if elements
closer to the fovea had a greater weight than more periph-
eral ones (Coe¨ﬀe´ & O’Regan, 1987; Findlay, 1982; Findlay,
Brogan, & Wenban-Smith, 1993; McSorley & Findlay,
2003; Vitu, 1991a; Walker et al., 1997; but see McGowan
et al., 1998). Instances were even noted where the global
eﬀect failed to occur, the eyes being directly sent to the
peripheral element closest to the fovea (Findlay, 1982;
Walker et al., 1997; see also Le´vy-Schoen, 1969).
It still remains undetermined whether or not a global
eﬀect occurs when one of the stimuli (target or distractor)
is displayed in foveal vision. To our knowledge, only three
studies investigated this issue and the results are not very
conclusive. In two studies, a global eﬀect was reported
while the target appeared in the foveal region (1 and
0.5–2, respectively) and in the same hemiﬁeld as a periph-
eral distractor stimulus (Findlay, 1982; Walker et al.,
1997). In contrast, we showed that distractor stimuli dis-
played above and below the ﬁrst word of a pair aﬀected ini-
tial landing sites only when they were aligned with the
central or end part of the word. When distractors were in
front of the word or within less than 0.9 to the right of
the ﬁxation point, they did not deviate the eyes from their
saccade target (Vitu, 1991a).
Current models of saccade generation propose relatively
precise mechanisms to account for the global eﬀect (Find-
lay & Walker, 1999; Trappenberg et al., 2001; see also
Godjin & Theeuwes, 2002). However, no clear statement
is made on whether and how stimulus eccentricity should
aﬀect the frequency and characteristics of averaging
responses, and no mention is made on the role of foveal
stimuli. The global eﬀect is generally attributed to spatially
distributed coding in the superior colliculus. Visual cells
having large and overlapping receptive ﬁelds, the saliency
peaks that arise from stimulation of neighboring sites in
the collicular map, would coalesce in a single peak, hence
favoring the occurrence of averaging responses (Lee, Roh-
rer, & Sparks, 1988). In other words, or as formulated ear-
lier on, the global eﬀect would arise from poorly resolved
visual input, and it could be overridden only at long time
delays or when visual information becomes more detailed
(Coe¨ﬀe´ & O’Regan, 1987; Findlay, 1982; Ottes et al.,
1985; but see He & Kowler, 1989; McGowan et al., 1998).
Despite the automated nature of the global eﬀect, foveal
elements (distractor or target) may have a particular status
and may not have the same eﬀect on center-of-gravity
responses as peripheral stimuli. First, the foveal region is
associated with smaller receptive ﬁelds than the periphery,
which suggests that the likelihood of overlapping with
adjacent receptive ﬁelds may be reduced (Anderson, Keller,
Gandhi, & Das, 1998; McIlwain, 1991). Second, since fove-
al information is better represented at both cortical and
collicular levels (i.e., the cortical magniﬁcation factor; Rov-
amo, Virsu, & Nasanen, 1978; see also McIlwain, 1991),
foveal stimuli may generate greater saliency peaks and con-
tribute in turn almost exclusively to determining saccade
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1991a). Third, greater resolution in the fovea may facilitate
discrimination between activity patterns associated with
distractor and target stimuli, and reduce the likelihood
the eyes land at intermediate locations. Fourth, stimulation
of the foveal region enhances activity in the ﬁxate system
and delays saccade onset, which in turn should increase
saccade accuracy (see Findlay & Walker, 1999; McSorley
& Findlay, 2003; Walker et al., 1997).
The purpose of the present studies was to further char-
acterize the global eﬀect and to determine whether a specif-
ic role should be attributed to foveal stimuli. Three
experiments tested the inﬂuence on saccade accuracy and
saccade latency, of distractor stimuli displayed in the foveal
region and in the same hemiﬁeld as a more peripheral sac-
cade target. The issue related to the role of foveal stimuli is
particularly pertinent in natural perceptual tasks such as
reading. In those instances, foveal and peripheral regions
always both contain visual information. Furthermore, the
great similarity between foveal and peripheral stimuli
enhances the likelihood of a global eﬀect (Findlay, 1997).
For this reason, a visually complex situation was used in
the experiments, which closely resembled reading, although
using meaningless material.
On every trial in all three experiments, four stimuli were
simultaneously displayed on the horizontal axis (see Fig. 1a
and b). The ﬁrst stimulus referred to as foveal distractor
was an homogeneous x-letter string composed of a variable
number of letters (1–7 and 1–9 letters in Experiments 1–2
and 3, respectively). Its ﬁrst letter was centered on the ﬁx-
ation point, while additional letters extended further to the
right (up to 1.96 and 2.58 in Experiments 1–2 and 3,
respectively). The other three stimuli were presented to
the right of the distractor string, thus in the same hemiﬁeld.
They were all x-letter strings, but the ﬁrst two contained a
distinctive central target letter (‘h’ or ‘k’). Participants were
asked to move their eyes successively to each target letter,
while ignoring the foveal stimulus which actually never
contained a target letter. Then, they performed a letter-
comparison task once their eyes reached the third letter
string.
There were two critical manipulations. The ﬁrst one
related to the length of the foveal distractor string, and
its inﬂuence on the amplitude of the initial saccade (which
supposedly aimed at the ﬁrst target letter). Under the
assumption that a global eﬀect can arise due to the inﬂu-
ence of foveal distractor elements, the eyes should be devi-
ated from their target location when a string is displayed in
foveal vision, and the amount of deviation should increase
with the length of the foveal letter string.
The second manipulation concerned the eccentricity of
the initial target letter (5–11 letters or 1.55 to 3.41 in
Experiments 1–2, and 3 to 11 letters or .93 to 3.41 in
Experiment 3), hence the eccentricity of the full set of
peripheral letter strings. This manipulation ensured that
the eﬀect of distractor length could be distinguished from
the eﬀect of proximity between target and distractor stimuli(or number of empty spaces). As can be seen in Fig. 1b,
longer distractor strings laid closer to the target-letter
strings, and this could increase the likelihood of a global
eﬀect. At the same time, presenting the initial target letter
at variable and unpredictable location prevented partici-
pants to execute saccades of a constant length, and
increased the likelihood of observing a global eﬀect (Coe¨ﬀe´
& O’Regan, 1987).
2. Experiment 1
In the ﬁrst experiment, target letters were presented at
the center of seven-letter strings (e.g., ‘xxxhxxx’), while
the last letter string was always composed of nine letters.
Target letters appeared at four possible eccentricities from
the initial ﬁxation point (hence displacing to the right the
whole set of peripheral letter strings): 5, 7, 9 or 11 letters
(or 1.55, 2.17, 2.79 and 3.41). The length of the foveal
distractor string was varied accordingly; it was one letter
long for an eccentricity of ﬁve letters, and 1–3, 1–5, and
1–7 letters for the remaining three eccentricities,
respectively.
Participants were asked to move their eyes successively
to the ﬁrst and second target letter in order to later perform
a letter-comparison task. They were not explicitly instruct-
ed to be quick and/or accurate. However, the procedure
itself may have somehow encouraged accurate oculomotor
responses. First, the angular size of target letters was too
small for the letters to be identiﬁed without being ﬁxated.
Second, when the peripheral strings were initially dis-
played, the central target letters were masked, both ‘h’
and ‘k’ letters being superimposed. It was only when the
eyes crossed an invisible boundary in front of each string,
respectively, that the letter became visible. Third, the target
letter was masked again as soon as the eyes left the corre-
sponding letter string.
2.1. Methods
2.1.1. Participants
Eight individuals participated in the experiment which
was run at the University Rene´ Descartes (Boulogne-
Billancourt, France); they all gave their informed consent
before participation. Individuals were between 21 and 42
years old. Two were faculty members, while the remainder
were university students. Only three of the participants
were aware of the purpose of the experiment (the ﬁrst three
authors of the present paper). All participants had normal
or corrected-to-normal vision; in the latter case, only indi-
viduals wearing glasses were accepted.
2.1.2. Procedure
The experimental session lasted for about 2 h. The
participant was seated in an adjustable chair. A bite-
bar minimized head movements. After setting up the
eye tracker, a calibration phase began. Calibration was
made using 15 points presented successively on the entire
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Fig. 1. (a) Sequence of events on a given trial in Experiment 1; in the example, the foveal distractor string is four letters long and the target-letter string is
composed of seven letters. Each arrow represents a saccade that triggers the next event. (b) Example stimuli used in Experiments 1 and 2. The ﬁrst string
was the distractor string initially displayed in foveal vision, the second and third corresponded to ﬁrst and second target-letter strings (they were seven
letters long), and the fourth corresponded to the comparison string. Tested eccentricities were 5, 7, 9, and 11 letters, and distractor length was 1, 1–3, 1–5
and 1–7 letters, respectively.
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around the central horizontal axis of the screen (two
above and three below)). The ﬁrst calibration point
was presented in the left upper corner of the screen until
the participant pressed a button, which made the point
disappear, and appear at another location. Participants
were asked to press the button only when they were ﬁx-
ating very precisely at the displayed dot location. If the
calibration was not satisfactory (or the correlation
between the actual and the estimated eye location wasless than .99 for both horizontal and vertical coordi-
nates), another calibration phase was initiated. Other-
wise, a block of trials began.
Each trial started with the presentation of the trial num-
ber in the left upper part of the screen. After 800 ms, it was
removed and two vertically aligned bars were presented in
the left part of the central line of the screen (see Fig. 1a).
Participants were asked to ﬁxate the gap in between the
two bars. As soon as the computer detected a ﬁxation with-
in a region of plus or minus 3/4 character space, the ﬁxa-
4688 F. Vitu et al. / Vision Research 46 (2006) 4684–4708tion bars were removed and the four-letter strings (the
foveal distractor string, the two target-letter strings, and
the comparison string) were displayed; these were separat-
ed by one character space. Target letters were masked at
this point: both ‘h’ and ‘k’ letters were superimposed at tar-
get location.
As soon as the participant’s eyes crossed an invisible
boundary located 3/4 character space in front of the ﬁrst tar-
get-letter string, the ﬁrst target letter became visible (‘h’ or
‘k’). Then, as soon as the eyes crossed an invisible boundary
located 3/4 character space in front of the second target-let-
ter string, the ﬁrst target letter was masked (‘h’ and ‘k’ letters
were again superimposed) and the second target letter
became visible (‘h’ or ‘k’). Finally, when the eyes crossed
an invisible boundary in front of the comparison string,
the second target letter was masked (‘h’ and ‘k’ letters were
again superimposed), and the comparison string was
replaced with one of two words ‘identique’ (identical) or
‘diﬀe´rent’ (diﬀerent). At this point, participants were asked
to indicate by one or another button press whether or not
both target letters were identical or diﬀerent, respectively.
After button press, all stimuli were removed and one of
two letters (‘C’ or ‘F’) was displayed in the lower part of
the screen, indicating whether the response was correct or
false. The speciﬁc procedure associated with the comparison
taskwas used tomake the experiment a littlemore interesting
to the naı¨ve participant, but also served to break the rhythm
associated with the repetitive task. After a delay of about 1 s,
the next trial began.
There were a total of 1280 trials (80 per combination of
distractor length and target eccentricity); these were run in
10 blocks of 128 trials. In each block, all conditions were
equally represented, and they were presented in a complete-
ly random order. To familiarize participants with the pro-
cedure, a practice block of 17 trials was run before the
experimental blocks. Participants took a break in between
blocks of trials, running the experiment at their own pace.
2.1.3. Apparatus
Eye movements were recorded using a ﬁfth-generation
Dual Purkinje Image eye tracker (Fourward Optical Tech-
nologies, Inc.), sampling the right eye position every milli-
second with a spatial accuracy of 10 min of arc (Cornsweet
& Crane, 1973). The eye tracker was interfaced with two
IBM-compatible microcomputers. The ﬁrst computer
recorded the eye-movement parameters, and analyzed them
on-line, using the software developed at the Catholic Uni-
versity of Leuven (Belgium) by Van Rensbergen and de
Troy (1993). The second computer controlled the visual
presentation of the stimuli. Eye-movement parameters
were continuously sent to the second computer, so that
the visual display could be changed contingent on the posi-
tion of the eyes (see above). The ﬁrst computer was inter-
faced with two response buttons.
Stimuli were displayed in graphics mode on a 17-in.
CRT monitor with 60-Hz refresh rate. Only lowercase let-
ters were used. One character space subtended about .31of visual angle, and one letter corresponded to .21 at a dis-
tance of 1075 mm from the participants’ eyes. Vision was
binocular. The room was dark except for a dim indirect
light source.
2.1.4. Design and data analysis
Both independent variables (length of distractor string
and target eccentricity) were within-participant variables.
Since the range of foveal distractor lengths diﬀered depend-
ing on target eccentricity, data were analyzed separately for
the four eccentricities. Both latency and landing site of the
initial saccade (which aimed at the ﬁrst target letter) were
analyzed. Data were selected according to the following
criteria: (1) the set of four letter strings was displayed dur-
ing a ﬁxation located within a region of plus or minus 1/2
character (or .15) around the ﬁxation bars, (2) de-masking
of the initial target letter occurred during a saccade, (3)
there was no artifact or signal irregularity in the trial, (4)
there was no blink associated with the ﬁrst or second ﬁxa-
tion in the trial, (5) button press did not occur before the
eyes landed on the comparison string, and (6) the latency
of the initial saccade was more than 80 ms in order to
remove anticipatory eye movements. This led us to reject
about 20% of the data. In addition, analyses of mean sac-
cade latency involved only saccadic response times that
were less than 450 ms as suggested by the distribution of
initial saccade latencies. Participants failed to correctly
respond to the letter-comparison task on a few trials only
(2% of all trials); these were not excluded from analysis.
In all analyses, means or proportions were calculated for
each participant, and these were then averaged across partic-
ipants, such that the weight of each individual’s contribution
to the global mean was similar. Analyses of variance were
run on the means for each participant in each condition.
2.2. Results
2.2.1. Initial landing sites
In a ﬁrst analysis, the distributions of initial landing sites
were plotted by foveal distractor length and target eccen-
tricity. As can be seen in Fig. 2a–d, the distributions were
bimodal. The ﬁrst, smaller, peak showed the presence of
a group of small-amplitude saccades. For these, the eyes
landed between Letters 1 and 3–4 when the distractor
string was less than or equal to four letters, meaning there-
fore that the eyes remained within the foveal distractor
string or ﬁxated the empty space to the right of it. Instances
that involved longer distractor strings presented a less
homogeneous dispersion of initial landing sites and some
saccades landed further than Letter 3. In the extreme sev-
en-letter distractor condition, the ﬁrst mode of the distribu-
tion was even shifted towards Letters 4 and 5 or towards an
intermediate location between the beginning of the distrac-
tor string and the target-letter string. Overall, the likeli-
hood of small saccades tended to increase with the length
of the foveal distractor string, but did not seem to vary sys-
tematically with target eccentricity.
Fig. 2. Distributions of initial landing positions (in letters) by foveal distractor length in the 5- (a), 7- (b), 9- (c), and 11-letter eccentricity (d) conditions of
Experiment 1. Target letters were presented at the center of seven-letter strings (represented with a rectangle). Landing positions were measured relative to
the initial ﬁxation point (Letter 0). Negative and positive values corresponded to initial landing sites to the left and to the right of the initial ﬁxation point,
respectively. The ﬁrst letter of the foveal distractor string was on Letter 0 and additional letters extended to the right of it.
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longer saccades that landed on the target-letter string or
in front of it; these were more frequent than small-ampli-
tude saccades. In the ﬁve-letter eccentricity condition, the
mode of the distribution was aligned with the center of
the target-letter string. At greater eccentricities, the distri-
butions were shifted to the left and the proportion of target
undershoot increased. Quite surprisingly, the amount of
deviation did not continuously increase with the length of
the foveal distractor string. Mode and shape of the second
part of the distributions were very similar for distractor
lengths between one and four letters. Diﬀerences only
emerged for longer distractor strings (between ﬁve and sev-
en letters). As the length of the distractor string increased,
the eyes more frequently landed at intermediate locations
(i.e., on the space(s) in front of the target-letter string),
increasing the spread of the distribution, and slightly shift-
ing the mode towards closer landing sites.
As previously reported, initial landing sites in words are
normally distributed (McConkie, Kerr, Reddix, & Zola,
1988; Nuthmann, Engbert, & Kliegl, 2005). It was there-
fore reasonable to assume that both parts of the distribu-
tions observed in the present study were also normal in
shape. Bimodal distributions were ﬁtted to a model that
simply summed up two normal distributions, as expressed
in the following equation:P ðxÞ ¼ ws  N sðms; ss; xÞ þ wl  N lðml; sl; xÞ; ð1Þ
where Ns (ms, ss;x) is the normal distribution for small-am-
plitude saccades, with mean ms and standard deviation ss,
and Nl (ml, sl;x) is the normal distribution for long-ampli-
tude saccades, with mean ml and standard deviation sl.
Parameters ws and wl represented the weights associated,
respectively, with each Gaussian distribution. All six
parameters were estimated for each of the 16 distributions
shown in Fig. 2a–d, hence for each combination of distrac-
tor length and target eccentricity. This was done with the
least-square method.
As shown in Fig. 3a–g, predicted curves nicely ﬁtted
empirical distributions in the 11-letter eccentricity condi-
tion and this for all distractor lengths. The same applied
to the three other eccentricity conditions and correspond-
ing foveal lengths (not presented here). In all 16 conditions,
goodness of ﬁt was greater or equal to .97 as indicated in
Table 1.
Table 1 also displays estimated parameter values in the
diﬀerent conditions. This ﬁrst indicates that the proportion
of small-amplitude saccades (i.e., parameter ws) increased
with distractor length, but to a greater extent for distractor
lengths between four to ﬁve and seven letters than for
shorter lengths; target eccentricity did not seem to have
much inﬂuence. Estimates of the mean landing position
Fig. 3. Observed vs. predicted distributions of initial landing positions (in letters) as a function of distractor length in the 11-letter eccentricity condition of
Experiment 1.
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stable for distractor lengths between one and three letters
and tended to increase with longer distractors, while thereTable 1
Parameter estimates and goodness of ﬁt (GIF) for the distributions of
initial landing sites in the diﬀerent conditions (or the diﬀerent combina-
tions of eccentricity, ‘E’, and foveal length, ‘FL’) in Experiment 1
ws ss ms wl sl ml GIF (R
2)
E 5
FL1 .05 .57 .96 .87 1.11 4.72 .97
E 7
FL1 .06 .66 1.13 .92 1.00 6.24 .98
FL2 .10 .63 1.13 .88 1.10 6.14 .99
FL3 .07 .47 1.02 .87 1.24 6.08 .98
E 9
FL1 .00 .10 1.00 .91 .98 7.62 .98
FL2 .24 3.25 3.40 .76 .95 7.74 .99
FL3 .16 1.23 2.09 .83 1.14 7.61 .99
FL4 .19 1.88 2.55 .79 1.13 7.55 .99
FL5 .50 3.38 5.14 .52 .94 7.86 .99
E 11
FL1 .08 .97 1.55 .89 1.11 9.28 .99
FL2 .10 1.83 1.81 .90 1.14 9.40 .99
FL3 .14 1.39 1.82 .84 1.19 9.23 .99
FL4 .18 1.32 2.34 .77 1.06 9.37 .99
FL5 .25 1.79 2.51 .74 1.10 9.25 .98
FL6 .32 1.79 3.09 .69 1.34 8.84 .98
FL7 .43 2.37 4.22 .56 1.23 8.86 .99
Parameters ws, ss, and ms were weight, SD, and mean estimates for small-
amplitude saccades, and parameters wl, sl, and ml were weight, SD, and
mean estimates for long-amplitude saccades.seemed to be again no consistent variations with target
eccentricity. Noteworthy, estimates of means were less than
the distractor length in all conditions except the one-letter
distractor condition, thus conﬁrming that small saccades
often kept the eyes within the distractor string. For the
population of long saccades, mean and standard deviation
estimates (i.e., ml, and sl, respectively) were relatively stable
across distractor lengths. The only noticeable change was
between ﬁve- and seven-letter distractors in the 11-letter
eccentricity condition; estimated mean value suddenly
dropped, hence suggesting a greater deviation of the eyes
from the target letter.
Thus, in line with the above descriptions, the distribu-
tions of initial landing sites were bimodal. Distractors less
than four to ﬁve letters did not greatly inﬂuence these dis-
tributions; they only slightly, but continuously, increased
the proportion of short saccades. Longer distractors pro-
duced additional changes. They reduced the length of long
saccades and caused a more substantial increase of the pro-
portion and length of small saccades, hence suggesting that
a trade-oﬀ between the two parts of the distributions char-
acterized the eﬀect of distractor length.
To examine the stability of this trade-oﬀ within individ-
uals, further analyses were conducted in the 11-letter eccen-
tricity condition since this involved the full range of
distractor lengths. After observing a bimodal distribution
in all participants, the number of small- vs. long-amplitude
saccades was compared between two categories of distrac-
tor lengths, using an interaction v2 test. Short distractor
lengths were less than or equal to four letters, and long
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was used to categorize small- vs. long-amplitude saccades,
but was adjusted for a few participants with a best ﬁt pro-
cedure. For nearly all participants, long-amplitude sac-
cades were predominant in the short-length distractor
category, but their number decreased in the long-length
distractor category while the number of small-amplitude
saccades increased. For two individuals, the tendency actu-
ally almost reversed between short and long-length distrac-
tor categories; short saccades became predominant in the
latter case. Analyses revealed a signiﬁcant relationship
between distractor length and saccade type (small vs. long
saccades) for ﬁve participants (signiﬁcant v2s (1)P 4.34),
and a marginally signiﬁcant trend for two other partici-
pants (v2 (1) = 3.64, p < .06 and v2 (1) = 3.56, p < .06).
Thus, a dichotomy between short and long distractors
was indeed present at the individual level; this was charac-
terized by a trade-oﬀ between small- and long-amplitude
saccades.
2.2.2. Reﬁxations and target-directed saccades
Further analyses examined where the eyes landed with
respect to the visual stimuli. Two measures were comput-
ed as a function of target eccentricity and distractor
length: the proportion of saccades remaining on the fove-
al distractor string (or reﬁxations), and the mean landing
position error associated with ‘target-directed saccades’—
the saccades that landed on the target-letter string or on
the space in front of it. Instances where the eyes landed
on the space in front of the string were included because
this prevented the main part of the distribution to be
truncated in many conditions; this may serve also theFig. 4. Percentage of saccades that reﬁxated the distractor (a) and mean land
target-letter string or on the space in front of it) as a function of distractor lecomparison with natural reading data where initial land-
ing sites on the space in front of a word are always
mixed with ﬁxations on the word. As shown in Fig. 4a
and b, the proportion of reﬁxations increased linearly
with distractor length (F (1,7) = 7.58, p < .05,
F (1,7) = 12.14, p < .01, F (1,7) = 19.09, p < .005 for 7-,
9-, and 11-letter eccentricities, respectively), but remained
unaﬀected by target eccentricity (F (3,21) = .29,
F (2,14) = .77, F (1,7) = .02 for 1-, 1- to 3- and 1- to 5-
letter distractor strings, respectively). In contrast, the
mean landing position error of target-directed saccades
did not vary with distractor length, except when this
was longer than about four to ﬁve letters, thus only in
the 11-letter eccentricity condition. In that case, both lin-
ear and quadratic trends were signiﬁcant (F (1,7) = 74.16,
p < .0005, F (1,7) = 19.56, p < .005, respectively; other
F’s 6 .35). In addition, target eccentricity signiﬁcantly
inﬂuenced the mean landing position error (F (3,21) =
33.25, p < .0005, F (2,14) = 35.08, p < .0005, F (1,7) =
8.96, p < .05 for 1-, 1- to 3- and 1- to 5-letter distractor
strings, respectively): the eyes further undershot the
target letter as eccentricity increased.
Thus, the two populations of saccades that were previous-
ly identiﬁed were aﬀected diﬀerently by the manipulated
variables. Small-amplitude saccades mainly reﬁxated the
foveal distractor string; their likelihood increased with dis-
tractor length, but remained unaﬀected by target eccentrici-
ty. Longer saccades landed in the vicinity of the target-letter
string; their accuracy was a function of target eccentricity
and distractor length, although the eﬀect of distractor length
was reduced for distractors less than or equal to four to ﬁve
letters in length.ing position error of target-directed saccades (b; saccades landing on the
ngth and target eccentricity in Experiment 1.
Table 2
Mean latency (and SD) (in ms) of initial saccades as a function of
distractor length and target eccentricity in Experiment 1
Foveal distractor length (letters)
1 2 3 4 5 6 7
Five-letter eccentricity 232
(40)
Seven-letter eccentricity 238 245 245
(48) (43) (42)
Nine-letter eccentricity 238 239 245 250 251
(48) (48) (49) (45) (40)
Eleven-letter eccentricity 241 242 246 253 252 248 254
(51) (50) (43) (44) (46) (44) (45)
Only instances where the eyes landed on the target-letter string or on the
space in front of it were considered for analysis.
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The distributions of saccade latencies obtained in the
diﬀerent conditions formed a single mode and were normal
in shape, although presenting a tail towards longer laten-
cies. However, since the above analyses suggested the exis-
tence of two populations of saccades, saccade latencies
were computed separately for reﬁxation- and target-direct-
ed saccades. Overall, reﬁxation saccades were characterized
with a shorter latency (208 ms) compared with the saccades
landing on the target-letter string (244 ms). The n was too
low for the latency of the ﬁrst category of saccades to be
analyzed as a function of the manipulated variables; only
the mean latency of target-directed saccades was computed
as a function of target eccentricity and distractor length. As
shown in Table 2, mean saccade latency tended to increase
with distractor length, with some leveling-oﬀ around dis-Fig. 5. Diagrams of correlation between landing position error (in letters) and
(d) conditions of Experiment 1.tractor lengths of four to ﬁve letters at least in the 9- and
11-letter eccentricity conditions. However, analyses of var-
iance revealed that only linear trends were signiﬁcant for
these eccentricity conditions (F (1,7) = 3.67, p < .10,
F (1,7) = 16.30, p < .005, F (1,7) = 9.43, p < .05 for 7-, 9-,
and 11-letter eccentricities, respectively). The eﬀect of
eccentricity was not signiﬁcant (F (3,21) = 2.13,
F (2,14) = .68, F (1,7) = 1.73 for 1-, 1- to 3- and 1- to 5-let-
ter distractor strings, respectively).
2.2.4. Latency and accuracy
To explore the relationship between saccade accuracy
and saccade latency, but also to examine the time course
of small- and long-amplitude saccades, landing position
error was plotted by saccade latency, but separately for dif-
ferent target eccentricities. As can be seen in Fig. 5a–d,
there was a speed–accuracy trade-oﬀ in all eccentricity con-
ditions. At early time intervals, the eyes overshot and
undershot close targets, while they mainly undershot tar-
gets that were presented further away. As time went by,
overshoot and undershoot tendencies became less promi-
nent, the eyes landing closer and closer to the target loca-
tion. It was, however, only from about 300 ms from
display onset that almost all saccades landed on a ﬁve-letter
eccentricity target, while the critical time for maximal accu-
racy was closer to 400 ms or later for greater eccentricities.
The correlation between the absolute value of landing posi-
tion error and saccade latency was signiﬁcant at the .0005
level in all eccentricity conditions (all r’s 6 .31).
Interestingly, two populations of saccades could be dis-
tinguished based on their spatio-temporal properties.
Small-amplitude saccades undershot target location by
about 4, 4–6, 6–10 and 8–12 letters in 5-, 7-, 9-, and 11-lettersaccade latency (in ms) in the 5- (a), 7- (b), 9- (c), and 11-letter eccentricity
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the region of the distractor and landed rarely further than
three letters away from the initial ﬁxation point. These sac-
cades were initiated early on (as soon as 80–100 ms from
display onset), but they could also occur at later latencies
(up to about 300 ms). Their accuracy did not seem to vary
much with saccade latency. Noteworthy, the proportion of
small saccades increased with target eccentricity, but this
was because greater eccentricities were associated with
larger ranges of distractor lengths; as we have seen above,
longer distractor strings increased the proportion of small-
amplitude saccades. Longer saccades were observed at later
time intervals (rarely before 150 ms from display onset);
their accuracy more greatly varied with target eccentricity
as well as saccade latency.
To ensure that the speed–accuracy trade-oﬀ reported
above did not arise from the temporal characteristics of
small- vs. long-amplitude saccades, the correlation between
latency and absolute landing position error was computed
again, but separately for each category of saccades (equal
to or less than three letters and more than three letters
respectively). In all eccentricity conditions, the correlation
was signiﬁcant at least at the .05 level for small-amplitude
saccades (all r’s 6 .16), while it was signiﬁcant at the
.0005 level for long saccades (all r’s 6 .15). The results
obtained for small saccades probably came from the fact
that distractor length was not controlled for in the analy-
ses. As noted above, the mean length of small saccades
tended to increase with distractor length, and there was
an overall tendency for saccade latency to increase with dis-
tractor length. When the correlation between latency andFig. 6. Diagrams of correlation between landing position error (in letters) and s
1, but separately for one- to seven-letter distractor lengths (a–g).absolute landing position error was tested again, but this
time separately for diﬀerent distractor lengths (and across
target eccentricities), it was signiﬁcant only for one- and
seven-letter foveal distractors (r 6 .24, p < .05) in the case
of small saccades, while it was signiﬁcant at the .0005 level
for all distractor lengths in the case of long saccades (all
r’s 6 .22).
It is worth noting that when landing position error was
plotted by saccade latency, but separately for each distrac-
tor length in the 11-letter eccentricity condition, the distinc-
tion between two populations of saccades was maintained
in all distractor-length conditions (see Fig. 6a–g). The ﬁrst
group corresponded to small amplitude (less than four let-
ters long) and early saccades, while the second group cor-
responded to long amplitude and later saccades. The
proportion of small-amplitude saccades continuously
increased with distractor length. In addition, and most
interestingly, for distractor lengths of four to ﬁve letters
and more, additional saccades were observed; their landing
position error was intermediate and their latency was never
shorter than about 150 ms. The emergence of intermediate
saccades did not only contribute to reduce the amplitude of
long saccades, but also contributed to increase the propor-
tion of small-amplitude saccades as deﬁned in reference to
the bimodal distributions of initial landing sites (see
Fig. 2a–d). However, the fact that intermediate saccades
had the same temporal properties as long-amplitude sac-
cades suggests that they diﬀered from one- to three-letter
saccades and that inﬂuences due to distractors longer than
four to ﬁve letters were of the same nature for small- and
long-amplitude saccades.accade latency (in ms) in the 11-letter eccentricity condition of Experiment
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To determine the likelihood of a global eﬀect with distrac-
tor elements displayed in the foveal region, saccade target
stimuli (the central letter of seven-letter strings)were present-
ed simultaneously with foveal distractor strings of variable
length. Results showed that distractor length had some
repercussion on the distribution of initial landing sites,
although the eﬀect was not exactly as expected. Two popula-
tions of saccades referred to as small- and long-amplitude
saccades, respectively, were identiﬁed based on the distribu-
tions of initial landing sites. Short saccades kept the eyes
within the distractor region and favored within-distractor
reﬁxations. They were most often less than four letters (or
less than about 1) and tended to be preceded by rather short
latencies (between 80–100 and 300 ms when less than four
letters); their length and frequencywas independent of target
eccentricity. Long-amplitude saccades were more frequent;
they were distinguished by greater amplitude and latency.
Occurring no earlier than about 150 ms from display onset,
long saccades brought the eyes in the vicinity of the target let-
ter and the corresponding letter string. Most often, they
landed precisely on close targets displayed at an eccentricity
of ﬁve letters (or 1.55) while they undershoot further target
locations, with undershoot becoming greater with larger
eccentricities. It was only after latencies of about 400–
500 ms that long saccades almost entirely landed on target.
Length of the foveal distractor string inﬂuencedbothpop-
ulations of saccades, although a dichotomy between short
and long distractors was observed. For distractors shorter
than or equal to about four letters, distractor length only
inﬂuenced the likelihood of small-amplitude (< 4 letters) or
reﬁxation saccades, hence suggesting that short saccades
were not artifacts, but occurred in response to visual stimu-
lation in the foveal region (see alsoFindlay&Kapoula, 1992;
Vitu, Kapoula, Lancelin, & Lavigne, 2004). Distractors
longer than four to ﬁve letters deviated the eyes from the sac-
cade target letter in a center-of-gravitymanner. They further
inﬂated the proportion of small-amplitude saccades by
favoring the emergence of intermediate-length saccades,
and increased in turn the mean length of small saccades. At
the same time, they reduced the length of long saccades.
As noted above, the length of the foveal distractor string
was negatively correlated with the distance between dis-
tractor and target (or number of empty spaces; see
Fig. 1b). However, the fact that an eﬀect of distractor
length on saccade amplitude emerged only for distractor
strings longer than about four letters (thus in the 11-letter
eccentricity condition) could not be attributed to the
reduced number of empty spaces between distractor and
target as distractor length increased. Indeed, in the close
eccentricity conditions (e.g., seven letters), short distractors
were as close to the target-letter string as long distractor
stimuli in the 11-letter eccentricity condition, but they
failed to produce center-of-gravity trends. Thus, the report-
ed trend was indeed an eﬀect of distractor length, but not a
question of proximity between distractor and target.As shown in several previous studies, saccade accuracy
is a function of saccade latency: late saccades are more pre-
cise and less likely to present center-of-gravity type inﬂu-
ences than short-latency saccades (Chou et al., 1999;
Coe¨ﬀe´ & O’Regan, 1987; Godjin & Theeuwes, 2002;
McSorley & Findlay, 2003; Viviani & Swensson, 1982).
The present data exhibited the same relationship between
saccade accuracy and saccade latency. However, this was
not responsible for the lack of a global eﬀect with one- to
four-letter distractor strings since saccade latency was
shorter but not longer with short compared with long dis-
tractor stimuli. Thus, in line with previous reports on the
remote distractor eﬀect, saccade latency increased with
the amount of stimulation in the foveal region, and ampli-
tude and latency tended to present a reciprocal relationship
with distractor length (Walker et al., 1997; see also Benson,
Findlay, & Liversedge, submitted).
Failure to observe systematic eye deviations of a center-
of-gravity type may suggest a dead zone for the global
eﬀect; the eﬀect would only occur in response to simulta-
neous presentation of distractor and target stimuli outside
of a central region of four to ﬁve letters. However, such a
conclusion may be premature at this point. First, it cannot
be excluded that the experimental procedure itself favored
target undershoot and reduced in turn the possibility of iso-
lating the full range of eﬀects associated with distractor
length. The target letter could not be extracted if the initial
saccade directly sent the eyes to the right of the target-letter
string (i.e., the target letter was masked as soon as the eyes
crossed an invisible boundary to the right of the target-letter
string). Thus, to ensure that the target letter would not be
skipped and missed, short saccades were probably favored.
These most likely undershot target location, and brought
the eyes at about the same location as if they had been sent
to a weighted center of gravity of the visual conﬁguration
formed by a short distractor and a target-letter string.
Alternatively, failure to observe a global eﬀect with
foveal distractor strings of four letters or less could be
attributed to a lack of similarity between target and distrac-
tor strings. The target-letter string being consistently com-
posed of seven letters, it could be more easily distinguished
from one- to four-letter distractor strings than from ﬁve- to
seven-letter strings, hence decreasing the likelihood of cen-
ter-of-gravity type responses in the former case (Findlay,
1997). Experiments 2 and 3 tested these hypotheses.
3. Experiment 2
The present experiment was an attempt to replicate
Experiment 1, but with a slightly diﬀerent procedure. On
each trial, as soon as the eyes crossed an invisible boundary
in front of the ﬁrst or second target-letter string, the
corresponding target letter became visible, but this time,
when the eyes crossed an invisible boundary to the right
of the target-letter string, the target letter was not masked
again. Rather, this remained visible until the end of the
trial. If masking of the target letter in Experiment 1 was
F. Vitu et al. / Vision Research 46 (2006) 4684–4708 4695responsible for failure to observe a global eﬀect with short
foveal distractor strings, then target undershoot should be
less likely in the present experiment and the global eﬀect
should generalize to all distractor lengths.
Eight individuals participated in the experiment. Seven
already participated in the ﬁrst experiment. The additional
participant was a 22 year old university student who met
the same criteria as the other participants.
3.1. Results and discussion
As shown in Fig. 7a–d, the distributions of initial land-
ing sites were very similar to those obtained in the ﬁrst
experiment. These exhibited again two separate modes
corresponding to small- and long-amplitude saccades,
respectively. The separation between the two parts of
the distributions was not as clear for long (ﬁve to seven
letters) compared with short distractor stimuli (less than
ﬁve letters), hence suggesting the emergence of intermedi-
ate-length saccades or center-of-gravity type responses.
When distractor strings were less than four letters,
small-amplitude saccades landed mainly between Letters
1 and 3; their distribution was actually very similar
between the diﬀerent distractor conditions, but their pro-
portion slightly increased from one- to three-letter distrac-Fig. 7. Distributions of initial landing positions (in letters) by distractor leng
Experiment 2. Target letters were presented at the center of seven-letter strings
the initial ﬁxation point (Letter 0). Negative and positive values corresponded t
respectively. The ﬁrst letter of the foveal distractor string was on Letter 0 andtors. For four-letter distractors and above, the landing
positions of small-amplitude saccades were more variable
and further away from the ﬁxation point on average.
Longer saccades landed in the vicinity of the ﬁrst tar-
get-letter string; they undershot target location in most
instances, with undershoot increasing with target eccen-
tricity. Their length remained unaﬀected by the length
of the distractor string except again when this was longer
than four letters (in 9- and 11-letter eccentricity condi-
tions). In those instances, the mode of the distributions
was slightly shifted towards closer landing sites.
As for Experiment 1, the 16 distributions were ﬁtted to
two normal curves, using the model expressed in Eq. (1)
(see above). Estimated parameters (mean, standard devia-
tion, and weight for each underlying distribution) and
goodness of ﬁt are presented in Table 3. The model nicely
predicted the data, although the ﬁt was not as good as in
the ﬁrst experiment particularly in the seven-letter distrac-
tor condition (GIF = .95). In line with the above observa-
tions, the proportion of small-amplitude saccades tended to
increase with distractor length as revealed by variations in
parameter ws; the rise was again greater for distractors
longer than about three to four letters at least in the 11-let-
ter eccentricity condition. Second, small saccades tended to
land further away from the ﬁxation point as the length ofth in the 5- (a), 7- (b), 9- (c), and 11-letter eccentricity (d) conditions of
(represented with a rectangle). Landing positions were measured relative to
o initial landing sites to the left and to the right of the initial ﬁxation point,
additional letters extended to the right of it.
Table 3
Parameter estimates and goodness of ﬁt (GIF) for the distributions of
initial landing sites in the diﬀerent conditions (or the diﬀerent combina-
tions of eccentricity, ‘E’, and foveal length, ‘FL’) in Experiment 2
ws ss ms wl sl ml GIF (R
2)
E 5
FL1 .05 .53 1.30 .90 1.37 4.90 .97
E 7
FL1 .06 .95 1.33 .91 1.08 6.14 .99
FL2 .07 .92 1.40 .91 1.16 6.18 .98
FL3 .14 1.49 1.57 .83 1.09 6.26 .99
E 9
FL1 .07 1.08 1.52 .90 1.02 7.65 .99
FL2 .07 .61 1.08 .85 .94 7.78 .99
FL3 .19 2.42 2.61 .80 .99 7.85 .99
FL4 .17 1.64 2.52 .81 1.05 7.69 .99
FL5 .21 1.39 2.64 .76 1.22 7.61 .99
E 11
FL1 .08 2.36 1.99 .88 1.02 9.35 .98
FL2 .08 1.68 1.16 .89 1.18 9.48 .98
FL3 .12 1.01 1.28 .82 1.13 9.39 .98
FL4 .21 2.63 2.89 .79 1.07 9.38 .98
FL5 .27 2.95 3.35 .73 1.16 9.30 .98
FL6 .36 2.88 4.49 .64 1.33 9.21 .98
FL7 .33 2.09 3.48 .65 1.33 8.78 .95
Parameters ws, ss, and ms were weight, SD, and mean estimates for small-
amplitude saccades, and parameters wl, sl, and ml were weight, SD, and
mean estimates for long-amplitude saccades.
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distractor lengths equal to or greater than three to four let-
ters. Third, the estimated mean landing position of long
saccades (ml) did not present systematic variations with dis-
tractor length, except in the extreme seven-letter distractor
condition where it was greatly reduced; examination of pre-Fig. 8. Percentage of saccades that reﬁxated the distractor (a) and mean land
target-letter string or on the space in front of it) as a function of distractor ledicted and observed distributions suggested that the eﬀect
could not entirely result from poorer ﬁt in that condition.
Individual analyses revealed that for seven of the eight
participants, the distributions of initial landing sites in
the 11-letter eccentricity condition were bimodal. Further-
more, a trade-oﬀ between both parts of the distributions
characterized again the eﬀect of distractor length. Short-
and long-amplitude saccades were deﬁned using the same
procedure as in the interaction v2 analyses of Experiment
1. Long saccades were prominent in conditions that
involved short-length distractors (between one and four let-
ters), while the diﬀerence in the number of observations
between small- and long-amplitude saccades greatly
reduced for long-length distractors (more than four letters).
Interaction v2 test values were signiﬁcant for seven of eight
participants (all signiﬁcant v2s (1)P 4.16).
In Fig. 8a and b, the percentage of reﬁxation saccades
and the mean landing position error associated with tar-
get-directed saccades (i.e., the saccades that landed on the
target-letter string or on the space in front of it) were plot-
ted as a function of distractor length and target eccentrici-
ty. The proportion of reﬁxations increased again linearly
with distractor length (F (1,7) = 7.60, p < .05, F (1,7) =
13.19, p < .01, F (1,7) = 16.92, p < .005 for 7-, 9-, and 11-
letter eccentricities, respectively). There was no clear eﬀect
of target eccentricity except maybe in the ﬁve-letter distrac-
tor condition, but none of the tested comparisons were
signiﬁcant (F (3,21) = .80, F (2,14) = .02, F (1,7) = .95 for
1-, 1- to 3- and 1- to 5-letter distractor strings, respectively).
In a reverse manner, the mean landing position error of
target-directed saccades increased signiﬁcantly with target
eccentricity (F (3,21) = 22.53, p < .0005, F (2,14) = 17.28,
p < .0005, F (1,7) = 10.04, p < .01 for 1-, 1- to 3- anding position error of target-directed saccades (b; saccades landing on the
ngth and target eccentricity in Experiment 2.
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distractor length only in the 11-letter eccentricity condition
or for distractor strings greater than about four letters.
Both linear and quadratic trends were signiﬁcant in that
case (F (1,7) = 35.19, p < .0005, F (1,7) = 6.15, p < .05,
respectively), while none of the eﬀects were signiﬁcant in
the three other eccentricity conditions (F’s 6 .35).
As shown in Table 4, the mean latency of target-directed
saccades tended to increase with distractor length,
although the eﬀect was greater in the 11-letter eccentricity
condition. The linear trend was signiﬁcant in this condition
(F (1,7) = 5.57, p < .05; other F’s 6 2.54), while a signiﬁ-
cant quadratic trend was found in the nine-letter eccentric-
ity condition (F (1,7) = 5.26, p < .05; other F’s 6 2.54).
Again the eﬀect of eccentricity was not signiﬁcant
(F (3,21) = 2.26, F (2,14) = 1.80, F (1,7) = .01 for 1-, 1- to
3- and 1- to 5-letter distractor strings, respectively) and sac-
cade latency was shorter for reﬁxation- compared with tar-
get-directed saccades (206 ms vs. 251 ms).
Further analyses investigated the relationship between
saccade accuracy and saccade latency. Results (not present-
ed here) were very similar to the ﬁndings of Experiment 1.
First, a distinction could be made again between small- (<4
letters) and long-amplitude saccades based on the saccade
latency range; the former occurred between 80–100 and
300 ms from display onset, while the latter rarely occurred
before 150 ms. Second, intermediate-length saccades
emerged with foveal distractor strings longer than four let-
ters, and their minimal latency was of about 150 ms. This
conﬁrmed that center-of-gravity type saccades had the
same temporal characteristics as long-amplitude saccades,
even though as noted above, their emergence did not only
contribute to reduce the amplitude of long saccades but
also aﬀected the proportion and metrics of small-amplitude
saccades (as deﬁned with respect to the bimodal distribu-
tions displayed in Fig. 7a–d). Third, there was a speed–ac-
curacy trade-oﬀ. The correlation between absolute landing
position error and latency was signiﬁcant at the .0005 level
in all eccentricity conditions (all r’s 6 .29). It was signif-
icant at least at the .05 level when only long-amplitude sac-Table 4
Mean latency (and SD) (in ms) of initial saccades as a function of
distractor length and target eccentricity in Experiment 2
Foveal distractor length (letters)
1 2 3 4 5 6 7
Five-letter eccentricity 239
(32)
Seven-letter eccentricity 244 250 250
(43) (46) (42)
Nine-letter eccentricity 248 252 253 255 252
(48) (46) (43) (41) (42)
Eleven-letter eccentricity 250 250 249 254 256 260 264
(49) (51) (44) (47) (45) (43) (40)
Only instances where the eyes landed on the target-letter string or on the
space in front of it were considered for analysis.cades (or saccades landing further than Letter 3) were
considered for analysis (all r’s 6 .08).
To further attest for the inﬂuence of saccade latency on
saccade accuracy, mean landing position error was com-
pared for four diﬀerent saccade latency intervals. Given
that the n strongly reduces when data are further parti-
tioned by saccade latencies, the present analyses were con-
ducted on the data from Experiments 1 and 2, but only for
the seven individuals who participated in both experiments,
and across distractor lengths. In addition, since the latency
range of small-amplitude or reﬁxation saccades diﬀered
from the latency range of target-directed saccades, the
eﬀect of saccade latency could not be tested separately
for the two categories of saccades. Table 5 presents the
mean landing position error as a function of target eccen-
tricity and for four saccade latency intervals (]80,200],
]200,240], ]240,280], ]280, . . .[; these were deﬁned after
computing the quartile values of saccade latencies). Only
six out of seven participants contributed to the mean; one
participant indeed had very few observations in the two
longest saccade latency intervals. Mean landing position
error signiﬁcantly decreased with saccade latency
(F (3,18) = 3.46, p < .05), but the eﬀect was greater at far
eccentricities; the interaction was marginally signiﬁcant
(F (3,18) = 1.96, p < .06). Of course, the fact that small-am-
plitude saccades had a latency shorter than long saccades
contributed to the eﬀect, but as noted above it could not
be responsible for the whole eﬀect of saccade latency.
In conclusion, despite variations in the procedure
between Experiments 1 and 2, both studies presented the
same overall pattern of ﬁndings. The eﬀect of distractor
length on initial landing sites was very similar, and the only
major diﬀerence related to a reduced eﬀect of distractor
length on saccade latency. Thus, the overall undershoot
tendency initially observed in Experiment 1 as well as fail-
ure to reveal a global eﬀect with distractors shorter than
ﬁve letters did not result from the masking procedure of
Experiment 1. Replicating Experiment 1 actually allowed
us to conﬁrm the stability of the ﬁndings, and to furtherTable 5
Mean landing position error (and SD) (in letters) of initial saccades as a
function of target eccentricity and separately for four saccade latency
intervals (in ms)
Saccade latency (ms)
]80,200] ]200,240] ]240,280] ]280, . . .[
Five-letter eccentricity 1.42 .61 .23 .07
(1.66) (1.31) (.80) (1.37)
Seven-letter eccentricity 3,08 1.78 1.28 .84
(1.88) (2.84) (.88) (.54)
Nine-letter eccentricity 4,80 2.74 2.17 1.31
(2.30) (2.38) (2.07) (.33)
Eleven-letter eccentricity 5,84 3.87 3.02 1.97
(2.46) (2.93) (1.16) (.83)
Means were computed based on the data of six individuals in Experiments
1 and 2. Reﬁxation- and target-directed saccades were not distinguished in
the analyses.
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speed–accuracy trade-oﬀ).
4. Experiment 3
In the ﬁrst two experiments, foveal distractor strings less
than ﬁve letters failed to deviate the eyes in a center-of-
gravity manner, while longer distractor strings produced
a global eﬀect. Since target letters were presented within
seven-letter strings, the possibility was envisaged that the
global eﬀect only occurred when distractor and target-letter
strings were similar in length. To test this proposal, the
present experiment replicated Experiment 2, but with tar-
get-letter strings composed of three instead of seven letters.
At the same time, a larger range of target eccentricities (3,
5, 7, 9, and 11 letters) and foveal distractor lengths (1, 1–3,
1–5, 1–7, and 1-9 letters, respectively) could be tested. The
prediction was rather straightforward. If similarity between
distractor and target was a critical variable in the present
experiments, then a global eﬀect should be observed with
shorter distractor strings (one to four letters) than in the
ﬁrst two experiments.
Presenting the target letter at the center of shorter letter
strings also served to determine the origin of the eﬀect of
eccentricity reported in the ﬁrst two experiments. If the eﬀect
reﬂected a systematic 10% undershoot (Becker, 1972;
Henson, 1978), then initial landing sites in the vicinity of
the target-letter string should distribute the same way as in
Experiments 1 and 2, at least if there was no range eﬀect
(or general bias towards the center of the range of eccentric-
ities in the task; Kapoula, 1985; Kapoula &Robinson, 1986;
Poulton, 1981). In contrast, if the eﬀect of eccentricity was
related to a global eﬀect and undershoot resulted from the
eyes being deviated towards the ﬁrst letters of the target-
letter strings (Coe¨ﬀe´ & O’Regan, 1987; Vitu, 1991a), then
undershoot should be less pronounced with three- compared
with seven-letter strings and overshoot should bemore likely
particularly at close eccentricities.
Eight individuals participated in the experiment. Four
had previously participated in Experiments 1 and 2, includ-
ing the ﬁrst three authors of the present paper. The other
four participants were naı¨ve with respect to the purpose
of the experiment; they gave their informed consent before
participation. They were university students between 20
and 30 years old and met the same criteria as the other
participants.
4.1. Results
4.1.1. Initial landing sites
Fig. 9a–e display the distributions of initial landing sites
by target eccentricity and foveal distractor length. For
eccentricities greater than three letters, the distributions
were again bimodal. Small-amplitude saccades landed
mainly between Letters 1 (thus, left of the initial ﬁxation
point) and +3 when the distractor length was less than four
to ﬁve letters, while many of them landed further to theright (or towards intermediate locations) in the presence
of longer distractors. Saccades that landed in the vicinity
of the target-letter string formed the second mode of the
distributions for 5- to 11-letter eccentricities, while they
formed the unique distribution for the three-letter eccen-
tricity condition. The eyes often overshot the target letter
when this was presented at an eccentricity of three letters,
while the mode of the distributions in the ﬁve-letter eccen-
tricity condition was aligned with target location. At great-
er eccentricities, undershoot became more frequent and
greater in size, but the deviation of the eyes was smaller
than in the ﬁrst two experiments. Interestingly, most of
the distributions corresponding to foveal distractor strings
longer than four to ﬁve letters tended to be shifted leftward
compared with the distributions associated with shorter
distractor strings (see Fig. 9c–e), hence replicating the cen-
ter-of-gravity eﬀect observed in the ﬁrst two experiments
with long distractor stimuli. The deviation became greater
as distractor length increased.
Observed distributions were again ﬁtted to two Gaussi-
ans (see Eq. (1) above). Parameter values and goodness of
ﬁt are presented in Table 6. Goodness of ﬁt ranged between
.96 and .99; it was greater than .98 in 19/25 conditions;
poorest ﬁt was obtained for two- and nine-letter distractors
in the 11-letter eccentricity condition (.96 and .96, respec-
tively). The proportion of small-amplitude saccades (i.e.,
ws) was relatively stable for distractor lengths between
one and three to four letters, while it increased for distrac-
tor strings between ﬁve and nine letters; the trend was,
however, weaker in the 11- compared with the 9-letter
eccentricity condition. Estimates of means for short sac-
cades (ms) did not present consistent variations with dis-
tractor length, except when the distractors were longer
than four to ﬁve letters; in those cases, the eyes tended to
land further away from the ﬁxation point as distractor
length increased. In a similar manner, estimates of means
for long saccades (ml) did not vary for distractor lengths
between 1 and 4–6 letters (depending on the eccentricity
condition), while it decreased with longer distractors. On
the other hand, there was no apparent eﬀect of eccentricity
on the estimated mean for small-amplitude saccades, while
there was a clear eﬀect for long saccades; the diﬀerence
between estimated mean landing position and eccentricity
increased with eccentricity, hence suggesting larger eye
deviations at greater eccentricities. Interestingly, the diﬀer-
ences observed here were smaller than in Experiments 1
and 2 where seven- instead of three-letter strings were pre-
sented (see Tables 1 and 3).
To examine the repartition of small- vs. long-amplitude
saccades in short- and long- distractor conditions, further
analyses were conducted on the distributions of initial
landing sites for each participant. This was done only in
9- and 11-letter eccentricity conditions. Clear bimodal dis-
tributions were again observed in nearly all individuals (6/8
and 7/8, respectively). The number of long-amplitude sac-
cades was much higher than the number of small saccades
in the short-length distractor category (length equal to or
Fig. 9. Distributions of initial landing positions (in letters) by distractor length in the 3- (a), 5- (b), 7- (c), 9- (d), and 11-letter eccentricity (e) conditions of
Experiment 3. Target letters were presented at the center of three-letter strings (represented with a rectangle). Landing positions were measured relative to
the initial ﬁxation point (Letter 0). Negative and positive values corresponded to initial landing sites to the left and to the right of the initial ﬁxation point,
respectively. The ﬁrst letter of the foveal distractor string was on Letter 0 and additional letters extended to the right of it.
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more than four letters), the number of long saccades
dropped, while the number of small-amplitude saccades
increased. For six of eight participants, the relationship
between distractor length and saccade length was signiﬁ-
cant in both 9- and 11-letter eccentricity conditions (all sig-
niﬁcant v2s (1)P 5.59).
4.1.2. Reﬁxations and target-directed saccades
To get an idea of where the eyes landed with respect to
distractor and target stimuli, the proportion of within-dis-
tractor reﬁxations and the mean landing position error of
target-directed saccades were plotted by target eccentricity
and distractor length. Results presented in Fig. 10a showed
that the probability of reﬁxating the distractor string
increased with its length, but the eﬀect was greater for dis-
tractors longer than about four to ﬁve letters. In the 11-let-
ter eccentricity condition, both linear and quadratic trends
were signiﬁcant (F (1,7) = 42.34, p < .0005, F (1,7) = 14.35,
p < .01, respectively), while only the linear trend was signif-
icant in 5-, 7-, and 9-letter eccentricity conditions
(F (1,7) = 9.63, p < .05, F (1,7) = 59.50, p < .0005,F (1,7) = 31.27, p < .001, respectively). In addition, there
seemed to be no major eﬀect of target eccentricity for dis-
tractor lengths less than about four to ﬁve letters. However,
for longer distractor stimuli, there was a tendency for more
reﬁxations in close- compared with far-eccentricity condi-
tions. When tested separately for diﬀerent ranges of dis-
tractor lengths, the eﬀect of eccentricity was signiﬁcant
only in the one-letter distractor condition
(F (4,28) = 2.96, p < .05; other F’s 6 3.38). Still, the inter-
action between eccentricity and distractor length was sig-
niﬁcant in 1- to 5- and 1- to 7-letter distractor
comparisons, but not for 1- to 3-letter distractors
(F (6,42) = 1.71, F (8,56) = 4.38, p < .0005, F (6,42) =
3.19, p < .01 for 1- to 3-, 1- to 5- and 1- to 7-letter distractor
strings, respectively).
As shown in Fig. 10b, the mean landing position error of
target-directed saccades (i.e., the saccades that landed on
the target-letter string or on the space in front of it)
increased with eccentricity at least for distractors shorter
than six letters (F (4,28) = 28.26, p < .0005,
F (3,21) = 16.26, p < .0005, F (2,14) = 6.40, p < .01,
F (1,7) = 1.69 for 1-, 1- to 3-, 1- to 5- and 1- to 7-letter dis-
Fig. 10. Percentage of saccades that reﬁxated the distractor (a) and mean lan
target-letter string or on the space in front of it) as a function of distractor le
Table 6
Parameter estimates and goodness of ﬁt (GIF) for the distributions of
initial landing sites in the diﬀerent conditions (or the diﬀerent combina-
tions of eccentricity, ‘E’, and foveal length, ‘FL’) in Experiment 3
ws ss ms wl sl ml GIF (R
2)
E 5
FL1 .04 .66 1.20 .95 1.00 4.94 .99
FL2 .07 1.62 1.06 .87 1.02 4.97 .98
FL3 .06 .66 .94 .92 1.49 5.08 .99
E 7
FL1 .05 .60 1.07 .93 .90 6.55 .99
FL2 .09 1.13 1.25 .89 1.09 6.53 .99
FL3 .09 .86 .82 .86 1.01 6.57 .99
FL4 .16 1.57 1.83 .81 1.09 6.42 .97
FL5 .12 1.13 1.50 .87 1.31 6.22 .99
E 9
FL1 .10 2.37 .94 .89 1.04 8.02 .99
FL2 .09 2.19 1.40 .90 1.15 8.16 .99
FL3 .10 .68 .87 .87 1.33 8.17 .99
FL4 .09 .75 1.11 .84 1.09 8.10 .98
FL5 .23 2.47 3.19 .77 1.16 8.31 .99
FL6 .24 2.12 2.71 .74 1.22 7.90 .98
FL7 .58 3.46 5.53 .44 .89 8.06 .99
E 11
FL1 .07 .71 .16 .92 1.40 9.76 .99
FL2 .09 .76 .67 .88 1.43 9.84 .96
FL3 .11 1.38 1.07 .86 1.24 9.89 .99
FL4 .08 .98 1.16 .89 1.41 9.88 .99
FL5 .15 1.99 1.67 .81 1.29 9.76 .97
FL6 .20 2.55 2.37 .80 1.43 9.77 .99
FL7 .26 2.39 2.35 .75 1.61 9.52 .98
FL8 .22 1.95 2.69 .77 1.69 9.10 .98
FL9 .20 2.02 3.11 .79 1.95 8.71 .96
Parameters ws, ss, and ms were weight, SD, and mean estimates for small-
amplitude saccades, and parameters wl, sl, and ml were weight, SD, and
mean estimates for long-amplitude saccades.
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no main eﬀect of distractor length; a marginally signiﬁcant
quadratic trend was observed in the nine-letter eccentricity
condition (F (1,7) = 4.51, p < .07), and a marginally signif-
icant linear trend was found in the seven-letter eccentricity
condition (F (1,7) = 4.10, p < .08); other F’s were less than
2.11. The lack of consistent and signiﬁcant eﬀects of dis-
tractor length came from the fact that only a very small
part of the main distributions of initial landing sites were
considered in the analyses; this prevented us to capture
the eﬀects of distractor length that were clearly visible on
the distributions (see Fig. 9a–e and Table 6).
4.1.3. Initial saccade latency
Table 7 presents the mean latency of target-directed sac-
cades as a function of eccentricity and distractor length.
There was an overall tendency for saccade latency to
increase with distractor length, but with some leveling-oﬀ
around distractor lengths of four to ﬁve letters. Signiﬁcant
linear trends were found in all but the 11-letter eccentricity
condition (F (1,7) = 26.51, p < .001, F (1,7) = 14.16,
p < .01, F (1,7) = 9.61, p < .05, F (1,7) = 4.78, p < .07 for
5-, 7-, 9-, and 11-letter eccentricities); signiﬁcant quadratic
trends were present in both 5- and 11-letter eccentricity
conditions (F (1,7) = 5.95, p < .05, F (1,7) = 8.25, p < .05;
other F’s 6 3.26). On the other hand, there was no signiﬁ-
cant eﬀect of eccentricity except when one- to seven-letter
distractors were considered for analysis (F (1,7) = 14.39,
p < .01; other F’s 6 2.64): saccade latency was slightly
longer in the 11- compared with the 9-letter eccentricity
condition. In addition, saccade latency was on averageding position error of target-directed saccades (b; saccades landing on the
ngth and target eccentricity in Experiment 2.
Table 7
Mean latency (and SD) (in ms) of initial saccades as a function of
distractor length and target eccentricity in Experiment 3
Foveal distractor length (letters)
1 2 3 4 5 6 7 8 9
Three-letter
eccentricity
231
(40)
Five-letter
eccentricity
231 248 249
(48) (52) (41)
Seven-letter
eccentricity
236 242 250 250 251
(52) (46) (46) (42) (42)
Nine-letter
eccentricity
241 242 248 249 254 252 258
(51) (54) (55) (48) (44) (43) (46)
Eleven-letter
eccentricity
243 248 251 254 254 254 259 255 258
(56) (58) (51) (49) (47) (47) (44) (52) (41)
Only instances where the eyes landed on the target-letter string or on the
space in front of it were considered for analysis.
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cades (206 ms vs. 243 ms).
4.1.4. Speed–accuracy trade-oﬀ
In Fig. 11a–e, landing position error was plotted by sac-
cade latency separately for the ﬁve eccentricity conditions,
but across distractor lengths. Correlation diagrams were
similar to those obtained in Experiments 1 and 2. They
revealed again a speed–accuracy trade-oﬀ; the proportion
of overshoot and undershoot decreased with saccade laten-
cy. The correlation between latency and absolute landing
position error was signiﬁcant at the .0005 level in all eccen-
tricity conditions (r’s 6 27). Maximal accuracy was never
reached before 300 ms for a three-letter eccentricity target,
and before 400–500 ms for 5- to 11-letter eccentricity tar-
gets. Even after these rather long delays, the eyes did not
exclusively land on target except when this was presentedFig. 11. Diagrams of correlation between landing position error (in letters) an
eccentricity (e) conditions of Experiment 3.at an eccentricity of seven letters. In the two most extreme
eccentricity conditions (3 and 11 letters), the overall over-
shoot and undershoot tendencies, respectively, were actual-
ly never completely resolved.
Also in accordance with the data of Experiments 1 and
2, two separate populations of saccades could be distin-
guished, but not as clearly as in the ﬁrst two experiments.
The ﬁrst group of saccades had a small and relatively con-
stant amplitude (between one and three letters as could be
derived from the diﬀerent eccentricity conditions); they
were initiated early on, starting from about 80–100 ms
from display onset and occurring until about 300 ms. The
second group referred to as long saccades was triggered a
little later (from about 125 to 150 ms until 400 to 600 ms)
and landed in the vicinity of the target letter or in between
distractor and target-letter strings. Long saccades (more
than 3 letters) exhibited a clear speed–accuracy trade-oﬀ
(all r’s 6 .10, p < .0005).
When correlation diagrams were plotted separately for
the diﬀerent distractor lengths in both 9- and 11-letter eccen-
tricity conditions (not presented here), the distinction
between small- and long-amplitude saccades was main-
tained, but a third population of saccades could be distin-
guished in 5- to 7- and 9-letter distractor conditions,
respectively. These saccades landed at intermediate loca-
tions, hence reﬂecting center-of-gravity trends; they were
triggered at about the same time as long-amplitude saccades.
4.2. Discussion
The ﬁrst two experiments failed to reveal the presence of
a global eﬀect due to foveal distractor strings shorter than
four letters. To determine whether this resulted from a lack
of similarity between target and distractor strings, the
length of the target-letter strings was shortened in the pres-d saccade latency (in ms) in the 3- (a), 5- (b), 7- (c), 9- (d), and 11-letter
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ments 1 and 2). Results failed to reveal any major change
that would suggest a role of similarity in the likelihood of
a global eﬀect. Again, the distributions of initial landing
sites exhibited two distinct populations of small- vs. long-
amplitude saccades, and distractors less than four to ﬁve
letters failed to aﬀect the landing sites of either small or
long saccades; these only slightly enhanced the likelihood
of one- to three-letter saccades. In contrast, distractors
longer than four to ﬁve letters had an impact on saccade
metrics and suggested center-of-gravity type eﬀects. First,
they increased the length of small saccades and reduced
the extent of long saccades. Second, they inﬂated the pro-
portion of small-amplitude or reﬁxation saccades and this
to a greater extent in close-eccentricity conditions or when
distractor and target-letter strings were in close proximity
(see Fig. 1b). However, as noted above, proximity alone
was not a suﬃcient condition to produce a global eﬀect.
The lack of a global eﬀect with distractors shorter than
about four letters was not due to a speed–accuracy trade-
oﬀ since saccade latency was shorter but not longer in those
instances; saccade latency indeed increased with distractor
length. As revealed in the 11-letter eccentricity condition,
the eﬀect was not completely linear, but showed an asymp-
tote towards ﬁve-letter distractor lengths. This suggested
again that the stimuli that failed to produce a global eﬀect
more greatly aﬀected saccade latency and vice et versa
(Walker et al., 1997).
The only noticeable change that resulted from shorten-
ing the length of the target-letter strings appeared in the
overall pattern of initial landing sites with target eccentric-
ity. In Experiments 1 and 2, undershoot was quasi-system-
atic: the eyes landed relatively precisely on close targets
(ﬁve letters) while they undershot far targets, with the devi-
ation increasing with eccentricity. In the present experi-
ment, far targets were also undershot, but the deviation
was smaller than in Experiment 2. Furthermore, target
overshoot was more pronounced, and this most particular-
ly at close eccentricities (three and ﬁve letters). The present
ﬁndings are inconsistent with the systematic 10% under-
shoot of target eccentricity reported in previous studies
for the case of singleton targets (Becker, 1972; Henson,
1978). They can neither be explained in terms of a range
eﬀect or general tendency to direct the eyes towards the
center of the range of target eccentricities (Kapoula,
1985; Kapoula & Robinson, 1986; but see Nuthmann,
Vitu, Kliegl, & Engbert, submitted; Vitu, 1991b). Indeed,
in all three experiments best accuracy was observed in ﬁve-
and seven-letter eccentricity conditions, while the range of
target eccentricities in the present experiment (3–11 letters)
was larger than in Experiments 1 and 2 (5–11 letters). Fur-
thermore, the center of the range of saccade amplitudes
(median of 4.75 letters) was smaller than in Experiments
1 and 2 (medians of 7.08 and 7.17 letters, respectively),
which suggests that a bias towards saccades of shorter
amplitude, hence increased undershoot should have been
observed in the present experiment.A more likely account for the eﬀect of eccentricity on
initial landing sites relies on the global eﬀect. It assumes
that undershoot and overshoot were due to the inﬂuence
of the ﬁrst and last letters in the target-letter strings, respec-
tively. These letters acted as distractor elements, but with a
diﬀerent weight depending on their distance to the center of
the fovea (Coe¨ﬀe´ & O’Regan, 1987; Vitu, 1991a). First let-
ters had a greater weight than last letters, hence favoring
the eyes to fall short of a far target particularly when this
was embedded in a seven-letter string. At close eccentrici-
ties, overshoot was favored because letters to the right of
the target letter contributed to a greater extent to computa-
tion of the center of gravity, and probably also because the
ﬁrst letters fall in a dead zone for the global eﬀect.
In summary, the likelihood of a global eﬀect in the pres-
ent experiments was not inﬂuenced by the similarity
between target and distractor stimuli, but depended mainly
on the location of the distractor elements (or letters). Dis-
tractor elements within a three- to four-letter central zone
failed to deviate the eyes in a center-of-gravity manner.
In contrast, distractor elements displayed further towards
the periphery signiﬁcantly deviated the eyes, but with great-
er deviation arising from elements closer to the fovea.
Thus, the global eﬀect was not equally likely all along the
horizontal axis.
5. General discussion
The global eﬀect is a very robust phenomenon which has
been shown in a wide variety of perceptual tasks, but main-
ly with pairs or groups of distractor and target stimuli dis-
played in the peripheral region. The present series of
experiments investigated this eﬀect with distractor elements
displayed in the foveal region ipsilateral to a more periph-
eral saccade target. Since the role of foveal distractor ele-
ments is particularly pertinent for reading where foveal
and peripheral regions are most often stimulated simulta-
neously, saccade targets were letters embedded in homoge-
neous letter strings, and distractor stimuli were
homogeneous letter strings of variable length. Under the
assumption that a global eﬀect can arise due to foveal dis-
tractor stimuli, it was expected that presentation of a string
of letters in the foveal region would deviate the eyes from
the target letter, with the deviation increasing linearly with
the length of the distractor string. Results did not entirely
conﬁrm this prediction, suggesting instead the existence
of a dead zone for the global eﬀect.
In almost all conditions, two populations of saccades
were identiﬁed in response to simultaneous stimulation of
foveal and peripheral regions; these were referred to as
small- and long-amplitude saccades, respectively. Small
saccades kept the eyes within the distractor region (i.e.,
reﬁxations) and were initiated early on (within 80–300 ms
from display onset at least when their length was less than
four letters). Long saccades were more frequent and were
launched a little later (from about 125 to 150 until 400 to
600 ms from display onset). They landed in the vicinity of
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at early time intervals. Most often, the eyes overshot close
targets and undershot far targets, with the deviation
increasing with eccentricity.
Distractor length inﬂuenced both categories of saccades,
but not in a continuous manner. When distractor strings
were shorter than four to ﬁve letters, distractor length
slightly increased the frequency of small-amplitude sac-
cades, but it had no impact on the metrics of either small-
or long-amplitude saccades, hence failing to reveal a global
eﬀect. Irrespective of distractor length and target eccentric-
ity, small saccades landed between one and three letters
away from the initial ﬁxation point. In contrast, when dis-
tractor strings were longer than four to ﬁve letters, signiﬁ-
cant eye deviations were observed as a function of
distractor length; these suggested a center-of-gravity eﬀect
or integration of information over the tail of the distractor
and the target-letter string. First, the amplitude of long sac-
cades was reduced, and the overall tendency for the eyes to
fall short of target location was enhanced. Second, the fre-
quency of small-amplitude saccades was further increased
due to the execution of intermediate-length saccades in
addition to the small-amplitude and early-triggered sac-
cades of one to three letters.
Several controls were performed in order to ensure
that failure to reveal a global eﬀect with short foveal dis-
tractors did not result from potential confounding vari-
ables. These revealed that the present pattern of
ﬁndings was unrelated to (1) proximity between distrac-
tor and target or the fact that distractor and target-letter
strings were further apart as distractor length decreased
(see Fig. 1a and b), (2) similarity or relative size of dis-
tractor and target-letter strings (see Experiments 1–2 vs.
3), (3) speciﬁc oculomotor scanning strategy due to the
experimental procedure (see Experiments 1 vs. 2), and
(4) a speed–accuracy trade-oﬀ which otherwise character-
ized the present data set. On the other hand, failure to
reveal a global eﬀect with short distractor stimuli was
not due to the angular size of the stimuli per se (less
than or equal to about 1). Center-of-gravity trends were
reported in many studies that involved distractor and/or
target stimuli smaller than 1 (see for instance McSorley
& Findlay, 2003).
Thus, short distractor stimuli failed to produce a global
eﬀect because they were displayed in a speciﬁc region or
dead zone. At this stage, two alternative assumptions can
be envisaged. The ﬁrst hypothesis assumes that the dead
zone resulted from selective attentional processes and
expectations on where task-relevant information was most
likely to appear (Findlay & Kapoula, 1992; Vitu, 1991a).
Since target letters were never (as in Experiments 1 and
2) or rarely (4%: Experiment 3) displayed in a four-letter
foveal window, information in this central region could
be systematically ﬁltered out and eye behavior could be
deﬁned with respect to information displayed in a periphe-
ral window of interest. In contrast, the second hypothesis
assumes that the dead zone was foveal and reﬂected visualand/or visuo-motor constraints associated with the central
region of the retina.
The attentional hypothesis seems to us rather unlikely.
First, if information within a central four-letter zone was
systematically ignored, then the eyes should never land in
that region and a three-letter eccentricity target should be
systematically overshot. In contrast, the present data
showed that in quite a few instances the eyes reﬁxated
the distractor string (even when this was shorter than four
to ﬁve letters), and in about 42% of the cases in the three-
letter eccentricity condition, the eyes undershot or landed
precisely on the target letter (see Fig. 9a–e). Second,
small-amplitude saccades (less than four letters) were visu-
ally guided (i.e., their likelihood slightly increased with dis-
tractor length), and they probably occurred too late (up to
300 ms from display onset) to result from early failure of
the ﬁltering process and/or distractor capture (see Godjin
& Theeuwes, 2002). Furthermore, it would remain unclear
in that framework, why the same distractors which cap-
tured the eyes on some trials did not deviate the eyes in a
center-of-gravity manner on other trials. Finally, if spatial
selection was dedicated to accurately guide the eyes to a
peripheral target item, then it would most likely ﬁlter out
all irrelevant information based on visual input; informa-
tion about empty spaces is indeed available early on during
the time course of an eye ﬁxation (from about 175 to
200 ms from display onset; see Vitu, Lancelin, & Marrier
d’Unienville, submitted). In other words, according to the
attentional hypothesis, distractor stimuli of whatever
length should have no inﬂuence on the accuracy of long-
amplitude saccades; but as shown above, distractors longer
than four to ﬁve letters produced center-of-gravity
deviations.
The assumption of a foveal dead zone seems therefore
more plausible. It assumes that due to the properties of
visual and/or oculomotor systems, a global eﬀect cannot
occur when distractor stimuli fall within a central foveal
region. The dead zone is therefore best described in degrees
of visual angle, and according to the present ﬁndings it
would extend approximately to about 1 from the center
of the fovea (given that each letter and character space sub-
tended .21 and .31 of visual angle, respectively). Since dis-
tractor length was manipulated by varying the number but
not the angular size of the letters, concluding in favor of a
neurophysiologically based foveal dead zone may appear
to be premature. However, an observation similar to ours
was previously reported for distractor elements of a diﬀer-
ent angular size (Vitu, 1991a). In the study, pairs of isolat-
ed words were presented in peripheral vision, but
simultaneously with random dot patterns displayed at var-
iable locations above and below the ﬁrst word of a pair.
Distractor stimuli aﬀected the distribution of initial landing
sites in words, but not when they were presented above and
below the region in front of the word. This region extended
to about 0.9 to the right of the ﬁxation point which is clos-
er to the present estimate (about 1) than the correspond-
ing number of characters, only two (instead of four); a
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On the other hand, the particularity of the central foveal
region was noted in several previous studies. For instance,
Kalesnykas and Hallett (1994) reported that saccades tend-
ed to be hypermetric and preceded by longer latencies when
the target was displayed within a narrow central region of
±1.5 compared to when it was presented further away.
This ﬁnding is actually consistent with the results obtained
in the three-letter eccentricity condition of Experiment 3:
saccades launched after 300 ms from display onset (or once
one- to three-letter saccades were suppressed; see Fig. 11a)
overshot quasi-systematically the target location.
It must be noted that in contrast with the present view,
Walker et al. (1997; see also Findlay, 1982) reported a glob-
al eﬀect with ipsilateral distractor and target stimuli pre-
sented, respectively, at 4 and 0.5–2 eccentricities.
However, their analysis was based on mean saccade ampli-
tude, and the possibility remains that bimodal distributions
characterized initial landing sites, with the eyes landing
either on target or distractor but rarely at intermediate
locations.
In the following sections, the nature of the neurophysi-
ological processes that may underlie the foveal dead zone
were investigated, and implications for eye-movement con-
trol in reading and other perceptual tasks were discussed.
5.1. A foveal dead zone for the global eﬀect
In models of saccade generation, the global eﬀect is
assumed to result from distractor and target stimuli com-
bining to produce a single peak of activity in the collicular
map (Findlay & Walker, 1999; Godjin & Theeuwes, 2002;
Trappenberg et al., 2001; see also Lee et al., 1988). Cells
at the level of the superior colliculus are indeed character-
ized with large and overlapping receptive ﬁelds, and aver-
aging responses occur when two neighboring sites are
stimulated. Conversely, it is reasonable to assume that
when a global eﬀect fails to occur, it is because distractor
and target generate two separate peaks of activity. There
are several reasons why this may happen when distractor
stimuli are presented in the foveal region. First, it was
shown that cells associated with foveal in comparison with
peripheral retinal input are characterized with smaller
receptive ﬁelds, and that their receptive ﬁeld often extends
in the ipsilateral visual ﬁeld (Anderson et al., 1998; McIl-
wain, 1991). The likelihood of overlapping with adjacent
receptive ﬁelds, and hence averaging responses may in turn
be minimized. Second, magniﬁcation of foveal information
at both cortical and collicular levels (McIlwain, 1991; Rov-
amo et al., 1978) may enhance the weight and/or the attrac-
tiveness of the foveal stimulus. Alternatively, it may
reinforce the distinctiveness between activity patterns asso-
ciated with foveal and peripheral stimuli, and drive the eyes
more easily to the peripheral target. Thus, when distractor
and target stimuli are presented in foveal and peripheral
regions, respectively, the eyes land either on distractor or
target, but rarely at intermediate locations.This line of argument is, however, not completely satisfac-
tory. First, it can hardly account for the drastic change in the
pattern of landing sites between distractor strings less and
more than about 1, at least without further neurophysio-
logical elements. Second, and more critically, the present
hypothesis cannot account for the observation that ampli-
tude and latency tended to show a reciprocal relationship
with distractor length (at least that saccade latency increased
for distractors between one and four letters, while saccade
amplitude remained unaﬀected). An alternative and comple-
mentary assumption relies on another distinction that oper-
ates in the deeper layers of the superior colliculus between
neurons associated with foveal and peripheral regions,
respectively. Neurons that are mainly found in the rostral
pole region of the superior colliculus (which corresponds
to the 2 region from the center of the fovea; Munoz &
Wurtz, 1993a, 1993b; but see Gandhi & Keller, 1999) are
referred to as ﬁxation neurons in opposition with saccadic
neurons. The latter aremainly active prior to and during sac-
cades, while ﬁxation neurons discharge maximally during
ﬁxation, thus remaining silent during saccades. Fixation
neurons mainly serve maintaining ﬁxation. Their level of
activity in comparison with that associated with saccadic
neurons or more generally competition between ‘ﬁxate’
and ‘move’ systems contributes to the determination of sac-
cade latency (Findlay & Walker, 1999; Munoz & Fecteau,
2002;Trappenberg et al., 2001). In addition, ﬁxationneurons
are involved in the generation of small saccades, thus sharing
some properties with saccadic neurons (seeGandhi&Keller,
1999; Munoz & Fecteau, 2002).
In the present experiments, short foveal distractor
strings (less than about 1) failed to produce a global eﬀect.
However, their length inﬂuenced both the likelihood of
small-amplitude saccades and the latency of long saccades.
Their speciﬁc role could thus be attributed to competition
between ﬁxation and saccadic neurons. Stimulation of the
foveal region probably increased the level of activity asso-
ciated with ﬁxation neurons (see Findlay & Walker, 1999;
Walker et al., 1997), which reduced in turn the likelihood
of a saccade to the target region, and either favored the
execution of a small and early saccade or prolonged sac-
cade latency. Once activity in the ﬁxation population was
reduced, a saccade was initiated towards the target item,
but its amplitude was no longer inﬂuenced by information
displayed in the central foveal region, hence failing to
reveal a global eﬀect. In contrast, when foveal distractor
strings extended further out towards the periphery or pre-
sumably towards regions associated with a lower density of
ﬁxation neurons, this mainly changed the pattern of activ-
ity within the move system. In that case, saccade latency
was less likely to be inﬂuenced, but saccades were deviated
towards intermediate locations, hence reﬂecting a global
eﬀect.
In sum, the likelihood of a global eﬀect would not only
depend on spatial coding and proximity between distractor
and target, but it would also depend on retinal eccentricity
and whether or not both stimuli generate activity in the
  
 
 
 
 
  
 
 
 
  
 
 
Fig. 12. Schematic representation of time-related changes in the pattern of
activation across the saliency map in response to visual stimulation in the
right hemiﬁeld and along the horizontal axis (‘0’ corresponding to the
center of the fovea or the location of the initial ﬁxation point). At early
time intervals (around 80–100 ms from display onset), the most active
region is that corresponding to the central foveal region (or foveal dead
zone of about 1); it most likely triggers small-amplitude saccades. Later
(after 150 ms from display onset), the level of activity in the foveal dead
zone is less and other stimulated regions become active, hence favoring the
occurrence of small- vs. long-amplitude saccades. Note that regions closest
to the fovea (but outside of the foveal dead zone) present greater
activation than more peripheral regions. Much later (between 300 and
600 ms), activity in the foveal dead zone is completely suppressed, and
only a small region around the target element remains active, allowing
saccades to become more and more accurate.
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would only occur when the stimulus presented in the foveal
region does not exclusively increase the level of activity in
the ﬁxation neuron population. In a reverse manner, sac-
cade latency would depend on activity in the ﬁxation sys-
tem (see Findlay & Walker, 1999; Walker et al., 1997).
5.2. Computation of saccade amplitude
Besides showing the existence of a foveal dead zone for the
global eﬀect, the present experiments revealed the inﬂuence
of a number of variables on saccade amplitude. The ﬁrst
two variables were the respective lengths of distractor and
target-letter strings. When distractor strings extended
beyond the foveal dead zone, the general undershoot tenden-
cy was enhanced, with the deviation increasing with distrac-
tor length. Undershoot was also more likely and greater in
size when target letters were presented at the center of seven-
compared with three-letter strings (Experiments 1–2 and 3,
respectively). It is reasonable to assume that the critical var-
iablewas the number of distractor letters in between the fove-
al dead zone and the target letter; the greater the number of
intermediate characters, the greater was the deviation of the
eyes with respect to the target letter. The third variable was
the eccentricity of the target letter. Very close targets were
most often overshot while others were undershot, with the
deviation increasing with eccentricity.
The present ﬁndings are consistent with a center-of-grav-
ity assumption, but suggest in line with earlier proposals that
elements closer to the fovea are assigned a greater weight
(Coe¨ﬀe´ & O’Regan, 1987; Findlay, 1982; Vitu, 1991a).
Indeed, if all letters in the array contributed with the same
weight to computation of the center of gravity, then target
eccentricity alone would have no eﬀect. Two factors may
be responsible for a diﬀerential weighting of visual elements.
The ﬁrst one is the cortical magniﬁcation factor, or the fact
that foveal information is better represented at collicular
and cortical levels (McIlwain, 1991; Rovamo et al., 1978).
In addition, it may be that too distant elements do not inﬂu-
ence saccade amplitude at all (see also Vitu, 1991a). In the
present studies, the set of letters closest to the fovea but out-
side of the foveal dead zone generated strong peaks of activ-
ity (due to cortical magniﬁcation), which most likely
combined in a single peak biased towards the fovea. More
peripheral letters generated relatively weaker signals and
these were probably too weak and too far from the main site
of activation to deviate the eyes in a signiﬁcant manner.
When the whole visual conﬁguration was further shifted
towards the periphery, the overall level of activity decreased,
but for a greater number of letters, the related signals failed
to reach a given threshold. In those instances, the center of
gravity was computed on a smaller ensemble of letters, and
the undershoot tendency was increased.
Accounting for computation of saccade amplitude in
terms of a weighted center of gravity certainly oversimpli-
ﬁes the reality of the mechanisms involved as it illustrates
only what happens at a given point in time. As shown inthe present experiments, the global eﬀect is not a general
rule, and the weight associated with each visual element
is not ﬁxed but changes over time. Fig. 12 pictures these
time-related changes in the saliency map. At early time
intervals, the active region mainly corresponds to the cen-
tral region of the fovea (i.e., the foveal dead zone) and
exclusively favors the execution of small-amplitude sac-
cades; at this point in time, the likelihood of a global eﬀect
is minimal. As time goes by, activity in the foveal zone pro-
gressively reduces, while more peripheral regions start
becoming active. This favors the emergence of a second
population of saccades directed towards more peripheral
locations and skipping over the foveal dead zone. The sac-
cades are characterized with great variability and are devi-
ated towards a weighted center of gravity of the peripheral
conﬁguration. After about 300 ms, small saccades are com-
pletely suppressed and the variability associated with long
saccades progressively reduces to favor maximal accuracy
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however, happen when the saccade target is presented in
the foveal region. In that case, the suppression of small-am-
plitude saccades favors target overshoot, and prevents sac-
cades to be completely accurate even at later time intervals.
5.3. Implications for reading
In reading, the pattern of saccadic eye movements is far
more complex and subject to greater variability than in
simple oculomotor tasks. Some words receive a single ﬁxa-
tion, others receive two or more consecutive ﬁxations (a
case that is referred to as within-word reﬁxation), while a
large number of words are skipped. In addition, there is
great variability of initial landing sites in words. Recent
models of eye-movement control in reading capture this
variability of eye behavior quite well (Engbert, Nuthmann,
Richter, & Kliegl, 2005; Reichle, Rayner, & Pollatsek,
2003). However, as noted in a commentary, some of the
models’ principles may not reﬂect the reality of the visuo-
motor processes involved (Vitu, 2003). The ﬁndings of
the present study provide further support for this view.
Current models of eye movements in reading present
fundamentally diﬀerent views on the role of ongoing word
identiﬁcation processes and visual attention, but they all
rely on a central and common assumption with respect to
inter-word eye behavior (Engbert et al., 2005; Reichle
et al., 2003; Reilly & Radach, 2003; but see Yang &
McConkie, 2001, 2004). This assumption has two compo-
nents as initially proposed by McConkie et al. (1988): (1)
the eyes aim for the center of peripherally selected target
words or blobs, and (2) the variability of initial landing
sites in words results from systematic and random error,
with systematic referring to oculomotor range error (Kapo-
ula, 1985; Kapoula & Robinson, 1986). In a previous
paper, we already challenged the saccade-target hypothesis
(Principle 1). Our assumption was that the eyes move for-
ward on the line of text in a center-of-gravity type manner
without aiming for speciﬁc locations in speciﬁc words
(Vitu, 2003; see also Jacobs, 1987; Yang & Vitu, 2006).
The present ﬁndings are consistent with this view.
In the experiments, the center of letter strings was explic-
itly deﬁned as the saccade target, and its location was
marked with a visually dissimilar letter. Yet, the eyes failed
to land on target in many instances, and maximal accuracy
was rarely reached before 400–500 ms from display onset
(for similar ﬁndings see Coe¨ﬀe´ & O’Regan, 1987; Jacobs,
1987). The relative inaccuracy of saccades probably came
from the complexity of letter-in-string stimuli. Indeed,
McSorley and Findlay (2003) showed that saccades could
be accurate after latencies as short as 250 ms when target
and distractor stimuli were separated by visual angles as
large as 3. Since words are letter-in-string stimuli, saccades
in reading may also require a minimum of 400 ms to accu-
rately send the eyes to the center of words. This seriously
questions the need of implementing a saccade-target mech-
anism in reading where ﬁxation durations average around225–250 ms and the center of words is not marked with a
visually distinctive feature. Furthermore, the fact that per-
ceptual localization and saccade amplitude seem to rely on
diﬀerent processes (the former does not show a global
eﬀect, while the latter does; Eggert, Sailer, Ditterich, &
Straube, 2002) further weakens the saccade-target assump-
tion. It thus seems more reasonable to assume that in a
majority of instances in reading, the eyes do not aim for
speciﬁc locations in peripheral vision, but are pulled for-
ward by the visual material ahead of ﬁxation.
Principle 2 or the assumption that systematic oculomo-
tor range errors are responsible for the variability of initial
landing sites in words may also need to be abandoned. This
was initially proposed to account for the eﬀect of launch
site; the eﬀect shows that the eyes overshoot the center of
a word when they are launched from close to the beginning
of the word, while they undershoot word center from fur-
ther distances (McConkie et al., 1988; Nuthmann et al.,
2005; Radach & McConkie, 1998; Vitu, O’Regan, Inhoﬀ,
& Topolski, 1995; Yang & Vitu, 2006). In the present stud-
ies, eccentricity inﬂuenced initial landing sites in a manner
quite similar to launch site: very close targets were overshot
while far targets were undershot. The eﬀect of eccentricity
was unrelated to an oculomotor range error, and a cen-
ter-of-gravity account seemed most appropriate (see also
Coe¨ﬀe´ & O’Regan, 1987). Close targets were overshot
because the eyes were pulled forward by the letters to the
right of target, while far targets were undershot due to
the inﬂuence of intermediate letters (or the letters between
the foveal dead zone and the target letter). The same inter-
pretation probably holds for the launch site eﬀect in read-
ing (see also Nuthmann et al., submitted; Vitu, 1991a,
1991b). Indeed, it seems more reasonable to infer the pro-
cesses at work in reading from data obtained with reading-
like stimuli (i.e., letter strings) than from data obtained
with singleton stimuli (i.e., the range eﬀect; Kapoula,
1985; Kapoula & Robinson, 1986).
Another issue that may be worth re-examining relates to
intra-word eye behavior. In current models of eye-move-
ment control in reading, within-word reﬁxations are gener-
ally accounted for by the necessities of ongoing word
identiﬁcation processes, although the possibility is envis-
aged in several models that a few reﬁxations occur in
response to low-level visuo-motor processes (Engbert
et al., 2005; Reichle et al., 2003; Reilly & Radach, 2003;
see also Yang & Vitu, 2006). In the present studies, presen-
tation of a string of x’s in foveal vision triggered the occur-
rence of small-amplitude saccades which kept the eyes in
the foveal string. The likelihood of small saccades increased
with the length of the string. A similar relationship was
reported between within-word reﬁxations and word length
(Balota, Pollatsek, & Rayner, 1985; Vitu, McConkie, Kerr,
& O’Regan, 2001; Vitu, O’Regan, & Mittau, 1990), and it
is very likely that the same processes underlie both types of
saccades. The present data suggested that one- to three-let-
ter saccades resulted from activation of the ﬁxation system,
while larger reﬁxation saccades seemed to be due to a
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of-gravity trends may also be at the origin of a certain pro-
portion of within-word reﬁxations in reading.
6. Conclusion
The present series of experiments has conﬁrmed that the
eyes can be deviated from their saccade target by the simul-
taneous presentation of distractor stimuli. However, so-
called center-of-gravity trends are absent when distractor
stimuli do not extend further than about four letters or
1 from the center of the fovea. This foveal dead zone prob-
ably arises from activation of the ﬁxation neurons at the
level of the Superior Colliculus and suggests spatio-tempo-
ral discontinuities in the saliency map. It may have strong
implications for eye guidance in natural perceptual tasks
such as reading where foveal and peripheral regions often
both contain visual information.
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